Koranyi and Szent-Gyorgyi have reported (1, 2) that relatively small doses of succinic acid would reduce or abolish the ketosis in diabetes. We have been unable to demonstrate this action of succinic acid. In Table I are presented three typical examples of the result of administering succinic acid to diabetic patients. All of these patients had been on their regime for some time and their diets were constant. They were given the free acid. The total ketone bodies in the (8, 9) . In the fasting normal human being the glucose effect of succinic acid is even more obvious (Table   II) . Contrary to its behavior in the diabetic, succinic acid is nitrogen sparing and has marked antiketogenic activity such as might be expected from an equivalent amount of glucose in a subject of this kind. The antiketogenic activity of succinic acid in the normal fasting organism may also be demonstrated in fasting rats in which a ketonuria has been induced by feeding the sodium salt of f8-hydroxybutyric acid (Table III) . If Antiketogenic action of succinic acid in fasting rats* *There were 10 male rats in each group which were fasted for a day before the experiment and throughout the experimental period. During the latter they were all given 1 cc. per sq.dcm. of body surface of a 6.3 per cent solution of racemic sodium j-hydroxybutyrate twice each day. The solution given to Group B contained 5.9 per cent of succinic acid in addition.
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sufficient of the succinic acid is administered the ketonuria will completely disappear as may be seen in another experiment.
It is reasonable to assume that succinic acid is antiketogenic in the normal organism because it is converted to glucose. The relative activity of these compounds in this regard should throw some light upon this point. An excellent ketosis may be produced in rats if they are fasted after a period upon a diet low in choline and protein which results in a fatty liver (10, 11, 12) . When a high fluid intake is provided so as to insure large urine volumes the ketonuria becomes a good measure of the degree of ketosis. The ketosis increases to a maximum on about the third day of fasting and then tapers off. In comparing the antiketogenic action of the two compounds two millimols of succinic acid were fed for comparison with each millimol of glucose. This is the theoretical relation between these substances if three carbon atoms of succinic acid go to glucose (8) , and under optimal conditions one millimol of glucose may be obtained from each two millimols of succinic acid fed to the phloridzinized dog (8, 9). Our results in Table IV show that succinic acid has essentially the same antiketogenic activity as an equivalent amount of glucose.
Substances which exhibit antiketogenic activity are generally, if not always, good glycogen formers (13, 14) . Succinic acid is no exception. The results in Table V demonstrate that this compound is practically as good a glycogen former as is glucose. DISCUSSION We are unable to explain why we and others (6, 7) have been unable to corroborate in any degree the findings of Koranyi and SzentGyorgyi concerning the desirable therapeutic effect of succinic acid in human diabetes in thiat the ketosis may be reduced or controlled by this compound. It is probable that their patients had not been adequately controlled before the study and were exhibiting the benefit of other therapeutic measures which had been showing their effects slowly when the succinic acid happened to be given. There is also, of course, the very remote possibility that if diabetics differ in the cause of their disturbed metabolism one type of case might be benefited by succinic acid, and it happened that the four patients treated by these authors were of this type.
Although not absolute proof, the fact that the antiketogenic activity of succinic acid is proportional to the glucose it may form is strong evidence that the antiketogenic action of succinic acid in the intact organism is simply a result of its conversion to glucose and is not due to any catalytic action on metabolism such as SzentGyorgyi and coworkers (15) and others (16) believe possible.
Our conclusion that in the normal organism succinic acid is as good an antiketogenic agent as an equivalent quantity of glucose is opposed to the conclusions of Deuel et al. (17) regarding the activity of this substance. A perusal of their data shows why they failed to obtain the same results. They fed sodium succinate. The succinic acid was oxidized leaving a substantial amount of alkali. Alkali is very ketogenic (18, 19) so that while their glucose-fed group had only the formation of ketones by the fasting fatty * In all of these experiments "Body surface" was calculated from the formula (20) that we have generally used. The methods of urine collection and administering the various solutions have already been described (22, 23) . t Rats which had been on the low protein fatty liver producing diet (12) for 17 days were used. Urine collections were made and the various solutions administered beginning on the first day of fasting. There were 6 rats in each group, the averages for which are given here. The solutions were administered in two doses each day, the succinic acid in 2.95 and 5.90 per cent, the glucose in 2.25 and 4.50 per cent, and the NaHC03 in 8.4 per cent solution I The rats had been on the special diet for 15 days. Collections were made on and after the second day of fasting.
Due to an error in calculation (the incorrect assumption being made that all four carbon atoms of succinic acid form glucose) the glucose fed rats received more glucose than the equivalent of the succinic acid fed, and the antiketogenic action was consequently greater. The concentration in the solutions of succinic acid was 2.95 and 5.90 per cent, of glucose 3.0 and 6.0 per cent, and of NaHCQ, 8.4 11 These rats were fasted directly from the stock diet, collections being commenced on the second day of fasting. The ketonuria is due solely to the alkalosis produced by the NaHCOs. This was fed in 10.5 per cent, the glucose in 2.25 per cent and the succinic acid in 2.95 per cent solutions. The results are averages for 6 rats in each group. * Each group was composed of 12 male rats. They were fasted for 24 hours and then given by stomach tube every 4 hours 1 cc. per sq.dcm. of body surface of the various solutions over a period of 20 hours, when they were anesthetized with nembutal and the liver glycogen determined (21) . All of the solutions contained 8.4 per cent NaHCOs. In Group B there was 4.5 per cent glucose and in Group C 5.9 per cent succinic acid in addition.
liver rats to overcome, the group fed sodium succinate had in addition the ketogenic influence of the alkali to overcome. Experiment 4 in Table  IV shows the effect on ketosis of alkali in the form of a dose of sodium bicarbonate comparable to the alkali involved in these experiments. When fasting from the stock diet without alkali administration there is no measurable ketonuria. Whenever we fed sodium succinate we naturally added an equivalent amount of sodium bicarbonate to the control and glucose-fed groups so that the observations in a given experiment would be comparable.
SUMMARY
Succinic acid has no antiketogenic activity in the human diabetic. In a normal fasting person it is as antiketogenic as an equivalent amount of glucose, to which succinic acid is converted in the phloridzinized and probably also in the normal organism.
The ketosis of fasting rats which previously had been receiving a fatty liver producing diet is reduced in the same degree by glucose as by an equivalent amount-of succinic acid. These compounds are also almost equally good glycogen formers.
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